The structure of 2-amino-6-(4-methyl-l-piperazinyl)-4-(tricyclo[3.3.1.13,7 ]dec-1-yl)-1,3,5-triazine was refined using data collected at three different temperatures [room temperature (293 K), 150 K and 85 K] with the use of an image-plate scanner in an attempt to study the effect of temperature on the disorder of the adamantyl group. It is demonstrated that the data collected with the rotation method and an image-plate scanner are of a high enough quality to be used for the refinement of small-molecule structures.
Introduction
The title compound has been synthesized as a possible dihydrofolate reductase [5,6,7,8-tetrahydrofolate: NADP+ oxidoreductase (EC 1.5.1.3); DHFR] inhibitor. Its crystal structure has been solved and refined to an R value of 0.061 in space group R3, from diffractometer data (Hamodrakas, Hempel, Camerman, Ottensmeyer, Tsita, Antoniadou-Vyzas & Camerman, 1992) . The adamantyl moiety was found to be disordered in the crystal structure, adopting two distinct conformations.
In the present work, an attempt has been made to investigate the effect of low temperatures on the disorder of the adamantyl group. With this structure as a model system, we also tried to explore further the possibility of routinely using image-plate data for the solution and refinement of small-molecule crystal structures (Grochowski, Serda, Wilson & Dauter, 1994) .
Materials and methods

Data collection
Crystals were obtained by evaporation from methanol as prismatic blocks. Data at 293 K were collected from a crystal of approximately 1.0 mm 3 in volume glued to the end of a glass capillary. Upon completion of the data collection, the same crystal was cooled to 150 K with an Oxford Cryostream (Cosier & Glazer, 1986) . A crystal of similar morphology and size was used for data collection at 85 K. This crystal was transferred into a perfluorinated polyether and picked up with a glass fibre (Kottke & Stalke, 1993) . For all data collections, radiation from a molybdenum tube powered at 60kV and 50 mA, monochromatized by pyrolitic graphite, was used. The instrumental set-up consisted of a MAR research image-plate scanner equipped with a single-axis ~-rotation motor. The scanner was controlled by a VAX 3100 workstation. For data collection at low temperature, the rotation axis was housed in a perspex box to avoid formation of ice on the sample. The rotation method (Arndt & Wonacott, 1977) was employed with the standard protocol for macromolecular X-ray data collection.
The limited dynamic range of the electronics controlling the image-plate scanner causes saturation effects for high-intensity reflections. For the parts of reciprocal space where overloaded reflections had occurred, data collection was repeated with a shorter exposure time to alleviate this problem. Simultaneously, the crystal-toplate distance and the oscillation range per image were adjusted to achieve both higher accuracy and efficiency. The data-collection parameters are shown in Table 1 . At room temperature, three data sets with different exposure times and crystal-to-plate distances were collected. For the low-temperature experiments, it was judged that two data sets were sufficient to record accurately the highintensity terms.
The images were processed with the program DENZO (Otwinowski, 1993a) . For the high-resolution data sets, both fully and partially recorded reflections were used. For the low-resolution data sets, only fully recorded observations were evaluated because, with a 10 ° oscillation range, the majority of reflections were fully recorded in a single rotation image. Integrated intensities from individual oscillation images were scaled on the basis of symmetry-related reflections and merged.
Refinement
Using SHELXL-93 (Sheldrick, 1993) , the same protocol was employed for refinement of the structure were employed from the start for all non-H atoms. Distance restraints describing the threefold symmetry of the disordered adamantyl group were applied. A free variable was refined to estimate the occupancies of the two modelled adamantyl conformations, whose sum was constrained to be unity. Ten initial cycles of fullmatrix least-squares refinement were performed to adjust coordinates and temperature factors. Five more cycles were run using the weighting scheme recommended by SHELXL-93 after the first run. All H atoms were added and refined in ten cycles using a 'riding' model with fixed distances and their temperature factors constrained to a value of 1.2 times the temperature factor of the respective parent atom. The results of the refinement are summarized in Table  2 and Fig. 1.* 
Results and discussion
Data collection
The Rmerge on intensities for all symmetry-equivalent and multiply recorded reflections is remarkably low for all three image-plate data sets (Fig. 2) . The strategies used in image-plate and diffractometer data collection differ in a number of parameters (Table 1) the standard procedures used for both detector types. Despite the differences, the data resulting from the image-plate experiment are of a quality comparable to the diffractometer data and sufficient for accurate refinement of the molecular structure.
Unit-cell determination
For intensity evaluation from an image-plate scanner, a number of parameters describing the crystal, its orientation and the scanner set-up are refined for every image to obtain a best fit between the calculated and predicted locations of the diffraction spots. Fitted parameters (including the unit-cell constants) usually vary slightly between successive images. In contrast to diffractometer measurements, the 0 angles are not The broken black line corresponds to the room-temperature Picker Facs-1 data, the full black line to the room-temperature image-plate data, the red line to the 150 K image-plate data and the blue line to the 85 K image-plate data. measured directly but are derived from the crystal-toplate distance and the spot location on the image, giving rise to systematic errors. Thus, the precision of the unitcell parameters derived from image-plate data collection is not as high as the corresponding parameters measured on a diffractometer, where they are estimated from directly measured 20 angles. Unit-cell parameters and their standard deviations were established from a post-refinement of the respective parameters as implemented in SCALEPACK (Otwinowski, 1993b) . The cell parameters were postrefined independently for every rotation image and their mean value was then calculated, together with the e.s.d.'s. The unit-cell parameters at room temperature derived from the image-plate data display larger uncertainties than the corresponding values derived from the diffractometer, but are identical within errors. Upon cooling, the cell volume decreased by 0.21% at 150 K and 0.27% at 85 K. This is within the typical range for the size of the molecule (Lonsdale, 1972) .
Adamantyl disorder
The disorder of the adamantyl moiety can be described by two discrete conformations (Fig. 3) at all three temperatures (Fig. 4) . The torsion angles of the two adamantyl conformations with respect to the triazine ring do not differ significantly with varying temperature (Table 3 ). Owing to the threefold symmetry of the adamantyl group, the difference of ~,180 ° between the torsion angles of the 'A' and ' B' conformations is equivalent to a rotation around the C4-C9 bond by any integer multiple of 60 ° . Note that the estimated standard deviation for the angles derived from the diffractometer data is twice as high as for any of the image-plate data sets, reflecting the difference in data quality. Table 2 . Summary of refinement Weight = 1/tr2(F 2) + (weight A x p)2 + weight B x P, where P = (F 2 + 2Fc2)/3; wR2 = y]~w (F 2 --F2c) 
where n is the number of reflections and p is the total number of parameters. In the restrained GoF, Y][w(yt -y)2] (where y is the quantity being restrained and yt is its target value) is added to the numerator and the number of restraints is added to the denominator. temperatures. The figure was prepared using PLATON (Spek, 19921 . 
Room
Values for the torsion angles for N3-C4-C9-Cl lA and N3-C4-C9-Cl lB describing the two conformations of the adamantyl moiety with repect to the triazine ring ('A' and 'B') and C19-N8-C6-N5 describing the orientation of the piperazine ring relative to the triazine ring
Torsion angles are given in degrees. Occupancies are given for the A conformation. Estimated standard deviations for angles and occupancies were obtained from full-matrix least-squares refinement and are given in parentheses. The corresponding energy differences were determined via Boltzmann's law. (4) error indicates that there is an energy barrier between the two states that cannot be crossed at temperatures below 150 K. Therefore, the system cannot reach thermodynamic equilibrium and the derived energy difference between the two states becomes meaningless. From this, the following picture for the disorder of the adamantyl emerges: (11 There are two possible conformations with a difference in energy of ,--,0.38 kJ mol -l .
Room
(2) The two conformations are related by a rotation of ,,~60 ° around the C4-C9 bond. (3) Above 150 K, thermal energy is sufficient for dynamical transitions across the energy barrier between the two conformations.
